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Human Behavior Recognition Based on Time-domain Features
of MEMS Inertial Sensors

XIE Guoya,LIU Yu,LU Yongle,DI Ke,GUO Junqi,YU Yue
(Chongging Municipal Lelvel Key Lab. of Photoelectronic Information Sensing and Transmitting Technology,
Chongqing University of Post and Telecommunications, Chongging 400065, China)

Abstract: A high-precision real-time human behavior recognition algorithm based on MEMS inertial sensor com-
bination system is proposed in this paper. The time domain features of the inertial sensor combined system are ex-
tracted as feature parametersin this algorithm by selecting a sliding time window of 2 s as the feature extraction win-
dow, and the support vector machine based on a balanced decision tree is used to classify and recognize various hu-
man behavior patterns. The tests of the proposed algorithm are carried out on the wearable intelligent terminal plat-
form independently developed by the laboratory. The resultsshow that the recognition rate of five walking behavior
patterns and five non-walking behavior patterns are up to 88% when the recognition time is reduced to 2 s/time.
Compared with the existing algorithms, the real-time performance and accuracy of the proposed algorithm are signif-
icantly improved, and the types of pattern recognition are expanded.

Key words: micro-electro-mechanical (MEMS) inertial sensor; human behavior recognition; feature extraction;

Vol. 41 No. 2

feature parameter; support vector machine

0 FF

B % L 2R 45 (MEMS) 5 AR 1A W7 % &, K
AR AAS L 59 MEMS B A5 RS 1 32 v
TS AT B IR AR A Rt R 2 o AR Y
MEMS 15 5 1 Cann i B2 31 BE SR A S5 W] 3R AT
NS 4 = A Jon o 2 A S e A R I
3 2 5 52 B AR AT A A8 A 552 ) 0
T 2 16 Ik An 45 AR G ok S8 BT U] L R iR

K F8 H #7 :2018-05-02

) 4B — AT B W 5O 1) AT R G T A R
RT3

R L 2 U 52 BRAT D TR A O B 4 REAIE 1Y
AR ORI e % 22 52 e R 45 3R . SCHRC4-5 1230 A
TR LA JURR HE AT o (8 P R ) IR e A A
Xt LAz Bl AT P U I 290 4 s SRR
L6 17M) FH ke SRR 11522 8 (1] U0 2 AR 488 ) — b o i) 2
BILAR 73 2027 ~F 1 FHUIASE T . i 0 A 18 TR0 45 R e

EeHH:HEHABFES I E(61301124,61471075,61671091) ; 3 P& i B} 22 JL Al BF 9% 35 4 W B 30 H (este2014jeyjA1350) 5 B PEMB
LR A S 2R A R B B (A2015—40) s FEPCRFZ [ SR Bl 2% 3 4 %2 B 901 A (este2016jcyj A0347)
TEE B 1 E W (1968, 33, DU I AR Bl 2082 . A o 3 B R 24 B IR AR A 1 B 58 . E-mail : 496101744@qq. com,



222 E H 5 F J 2019 4F
(R b RS UUBIAS BAE2  SCHRL7 14007 T Wt A7

e B ATE SRR A AR 4 %08 BB

I 4 H AT 0 4R BB 5 L A I 43 1 AT

EAGE B SCIRTS TR BP o0 28 10 % 52 BT

LB L 5 S 0 B CSVMD B0 T H i it
R 5 B S

AR SCHR YT — A B A 2 A Ol

Bk, BUER-DNRKIER 2 s S E &
TR OB A IR ES A R G 0 R AE
JHBE T 1 i e SR AN 1Y) S 1) i L R H AT
1R 17 43 2R B AE 4758 28 12 g A =X Cln
SEATE MR B AR TR R AT B2 E sh B
FVTHVER VAR E AR W ED) . 7R AT 5
Baelm e LWL mmiERN, 5SE 5% 01T N
UM S 2 A T AR SCHE S A 2 T MEMS 5 P % )5k
i dLA I AR SZ AT Sy TR0 A 9k TR I e TR) R
BE Al 3k 88 %,

R

B 1A REERE, g E -1 KE
2 s WAL RS L 7B SR B2 A0 A8l 50 Hz iy 5 il
X R AR BN 2 AR RS 5 1 B SRR AR 2E AT 4
IR R SR B3 1 2 AR A 15 5 1Y I SRR A (E AV A
YIGRAEA, B A B BE T 167 ok 56 A 19 S FF 1] &2 AL
HEAT o 2N A AT OE MARAT E W OR K AT A
B, P E 2P Al B 41T BRI AT O iR )

45

[

i ¥
HrE g ahaiar] [He47 L 20z st

B EkmRRE
2 %z AT R
5 55038 R AE AR HE L B SRR AR B $R TiE B AR
I RERT e ) AR SCfli F SVM 2B AR H % 47
R 2R . AT A SR SVM HBESE B —
A3 A AR SR B T O 7 D SR R g SVMETY
LR AT AR AT 40 )28 K 2 s .

& 2
FEGE ) — X — J7 B9 SVM 2p 2880 vk, L
m AR s ST S B n— 1) /2 4324k
Ko R VPONRE PN m Rz g, A%
m—1 Do deds s TR B A B2 20 T . B
PO — AR I 5 )2 5D 3 1 R ]
3 FAERM

RN

3.1 A=
ARSCHEITT 2 oo AE R R N DR AR I B i
M RRE S i, 1
1 < )
o JMZ;(Ai—A)~ (D
A A = (azx? Tay! +az)"*(i=1,2,3,+,N) K

I AR . Ny ) 18] % 9 BCE AASEG axsay s az
FRMBEE T 20y = TSN AR R ;A S N A
T BE RAR ) KR . 38 Ak Ox i R - o R U 22
4 B ] A R X o A7 E AR T AT R,
3.2 EHEXERH

AR RECC Oy 2 Rl B R 7 2245 2 Rl
AR UE D 25 S AR PO B . AR ST By = il
B 0 R G ZR B80O0 DX ) D ik B L il ST A b B
Rl 3 2RARATERAT R HD

C,. = cov(y,2)/(6,6.) (3)
Ao Co HIMERE v 2 BRI B AR R0, 50,
O IGEREE v 2 BAOARIEZE . FRAE XA A& 3 B
o

0.61 g JE Hh % )

0.4} g

EAVACIaVAN
%i O'kAA\‘,A—‘{\‘A k\“aﬂ ANaa
»Q 0.2t i
£ 04t

-0.6f

—o.s-w'ﬁgﬂi?% .

-1.0 - 30

0 S 10 15

B3 A AR B A 1A



5% 2

T W45 < T MEMS 1 A 8% i 3 i g A AR 4T R U1 223

3.3 #HhE

e 22 Ay 2 Sy Ik 18] 7 AR08 A AR 5 A /DB 0 22
B, SR AT = Hlofin o B A 22 0 BE R R AV A 1) B 22 W AT
R D N A A5 A TR B Sl A L B
— pin << R

A max Amin  Amax

M, = (4)
1 Amax — Amin > R
Ouex — O Ounx. — O << g

M, = (5)
48 _ 9 ™
5 O Ouin >

b M, D 8 Bl I 8] AN = bR 22 s M, i
fy I (8] 7 P9 g MR A8 b R A0 A A9 22 5 R O o o 2
THE AR 5 a9 IF 6] P9 00 T 2 i KA s i 19
R I 77 P = il B2 e /M R R T — A Ak PR
P8 B 3 00 T ML 5 O A9 BT ) 7 DA RS AFD A0 0190 B A5
Orwin 0 IR 18] 27 A ORFAD A0 1) e /L. R0 AIE 23 A 1] 4
PR .

l—.—dx\.\/—\-
Sos
LN
0 2 4 6 8 10
& O A
(a) Ini fE ik 2
1.0 e
0.8 51
.06
= 0.4
. AR
—=R><§ o—O°— o —o0— "o
0 2 4 6 8 10
A=k
(b) MM fa k2
B4 I = fhR 2E AR A A R 22

3.4 fAfx

i 3 5 BCA T A Al S R ) s SORE 67 R i T A 2K
) RN MR S BR 2 2l D5 1] 5 S A TR AR R .
RGN 30 -0 L/ A A L/ W - B D — A
SEREMNL . BEXF AT AT AE AR IR 4T AE 1 B AT AR 3T
i 3 5 SRR A v Al Ay oo s 5 B A S S
AR A 4 DX 53 0 4R IR 16 7 A il o i o
K0 S B A A 1) A RO 1) A B X

i N T - (- e ) I A 00 4 21 4
TE T AR 5 R 2 - - DA - 98 W A 0 45 2
IS B ) AR o 24 o Bl D T ) AR A s B RiT AT
& O BT A AL B O JE IR AT AE 5 2y Al D I 1) A

2B R A B 1 AT 5 & O B ri) AL s B DR 2 e 1) A
Ao ABLERFAE ST AT AN 5 BT .

N
R e T P
AL AL LR
g tE . s ]
(a) 1E IAHAL S A5 © (b) J 1] A% 53 4 Bl

B 5 0 1 AR L 40 A TR

3.5 M4

DY o7 B CIQRO Sy 275 3 U 4343 %k Q3 R[]
PN I B R /N B R HE S S5 26 75 20 B BUED RS 1
DU 4 % Q1 CRI BT [a] 7 P A9 T A 5018 Hh /N B K HE B
JE55 250 M BUED W 22 8. M T AIRZE AT LAk 3h
VR 5 B JIR F A 0 R = il ) B i B 7R
JE/NTF - M ATAE A SIAE S 1T AR S A 0 K AT
FIBIAE . AN SR RN B = il Y 47 3 A 22 (8 00 A7
R REAE S DA A a. A AN 6 BN

g R

0 1000 2000 3000 0 1000 2000 3000
©) Lﬁ%%ﬂﬁzﬂ;@ﬁﬁﬁﬁﬁ?ﬁg () Ti%%ﬂilzf@ﬁﬁﬁﬁﬁ?ﬁg
T O < | B 5 VIV vl o R

4 ZBRERPHN

AR SO B E T 5 oK A S0 A B BT Y ] 5
S A9 & o, 2% M FE RT3 b e R L 3 i B2 R A
SEMEAL IR LT — B MEMS B L RAR 415
ARG, BUE AR IRAR UG R SRR O 50 Hz. 32 B4
B ARG I A I SRR AR AR B [ A R 2R AT
P P 25 R o e Oy Uk R gy B AL LS.
2 3 (4 A B 7 ORI B2 LS AN 7.8 B .

|

B 7 2 5 5



224 Eom o5 F 2019 4
ey S on smartphones[ C]//Beirut, Lebanon: Third Interna-
&P 08O % W e - L . . < B -
e tional Conference on Communications and Information
FRREAUR BMEEE (1/0) - Technology.IEEE,2013:121-125.
L 0
E%gif § [2] CHEN Y, SHEN C. Performance analysis of smart-
::::iﬁui m;?_&mo)_ phone-sensor behavior for human activity recognition
RS ! [J]. IEEE Access,2017,5(99) :3095-3110.
B 0
2% 0 [3] YANG L,DONG X, FORRISTER E, et al. Human
- — — — activity classification based on dynamic time warping of
B8 bl an on-body creeping wave signal[ J]. IEEE Transac-
T WA SC R B AT T 1R L tions on Antennas & Propagation,2016, 64(11):4901-
4905.
R 20 24 15 PE,5 / B HE 2 i
K mmﬁff( HIIE ch@){mfi WSS 4] LIU Y.JIANG H Y. WANG S Luet al. Real-time hu-
A TR K TR f 4 o A S A A S N
PAT A ISR 17 O A AT Sk 6 35 42 96 L3k man activity pattern recognition based on time domain
PN PRI PN
9 5 R AT AE K MARATE 2. N A A S 5 features of acceleration[ J]. Journal of Shanghai Jiao-
20, B AR RAT OB HEAT B E 100 4 5250, X 48 AR tong University, 2015,49(2) :169-175.
WA R AT NER FR (5] 2F 5 R o W) I 4 4 10 et S0y 2 (00, T DR T K
F 1 BEATHERRNEE 3 CHRBLE) ,2018(2) . 72-79.
EE 5 21 H K R/ Y NIU Baoliang. Time-domain simulation of QZS vibra-
F o 91 91 tion isolator [ J ]. Journal of Chongqing University of
O 93 93 Technology(Natural Science),2018(2) :72-79.
JRIBATE 94 94 (6] CATAL C,TUFEKCI S,PIRMIT E, et al. On the use
ig ?i :Z :Z of ensemble of classifiers for accelerometer-based activ-
i \J:“ 100 100 ity recognition[ J]. Applied Soft Computing, 2015, 37
)y 3
. 1018-1022
Bt BR 93 93 ’
B by % 95 95 [7] LIU Y,ZHOU F,LI Y M,et al. Three-dimensional au-
A 98 98 tonomous navigation algorithm based on multi-azimuth
AR 92 92 movement pattern [ J ]. Journal of Chinese Inertial
M2 1 EFEL BRI B a) R HIAE 2 s/ IR AT Technology,2016,24(4) :449-456.
S NV iy N S - N U= i O, 4 A S s e AF 1 S
RO T 5 MATERAT MR 5 AR 4T 24T (8] XU, RER. BEACAR 5. 6T 245 % I R 1 52
ok 2, R W R B 5k 88 %, L IS B s B 52 ) B N ARAT S WU LT, P Bk R 22 4, 2017, 25
.@ﬁ% (4) :455-460.
‘ LIUY, YUY, LU Y L, et al. Real-time human ac-
o % K 15 tivity recognition based on time-domain features of
St Xt B 38k Bz /)N I AR e 17 R A R B A i—l»% g multi-sensor[ ] ]. Journal of Chinese Inertial Technolo-
i s NS TSI AT S U T A SO 3 g 2017 2501 155-460.
N - [9] PREECE SJ,JOHN YANNIS G,KENNEY L P J,et
MEMS 5P 1% J 45 20 15 72 50 i 1 10 I 3R A1 1, R
/)/ . i D}_j: bk = 5 al. A comparison of feature extraction methods for the
FHAE T B8 DR SRR 19 455 1) BEALR AT A AT D 458 classification of dynamic activities from accelerometer
I =YAN =Nk NV7s Al s N T LN )
AT 53 JZ2PON A FH AT B8 200 D 4758 2K AR data[ J]. IEEE Transactions on Biomedical Engineer-
1T IR R AT AR AT 40 43 e 24 S ing.2009.,56(3) :871-879.
T%*%TEE’J}R WEE R, AR B AR T MEMS 5 [10] HE Z Y.JIN L W. Activity recognition from accelera-
'@1%@%§H¢bj¢j??ﬁ 1] Aﬁiﬁ?y‘?ﬁ%%u%{fﬂ‘ﬁﬁ?ﬁ;% tion data using ar model representation and SVM[C]//
Bk HOR RS B v, HL4A T 58 L — YOl Y B Kunming, China: International Conference on Machine
N o N — S Learning and Cybernetics,2008:2245-2250.
() s A T 2 B0 48 2% oy U BRAT Tz 04 o P T B
’ 7 [11] DIAO Z H, ZHAO C J,GUO X Y,et al. A new SVM

SE 30k
[1] HALABI A E, ARTAIL H. Integrating pressure and

accelerometer sensing for improved activity recognition

multi-class classification algorithm based on balance
decision tree[ J]. Control and Decision, 2011, 26 (1)
149-154.



